Abstract: The possibility of using diatomaceous earth as Si precursor for low temperature synthesis of non-oxide powders by carbothermal reduction-nitridation was studied. It was found that carbonitriding reactions produce phases of the Si-Al-O-N system. Already at 1300 o C, nanosized, non-oxide powders were obtained. The comparatively low reaction temperatures is attributred to the nano-porous nature of the raw material. The evolution of crystalline phases proceeded via many intermediate stages. The powders were characterized by X-ray and SEM investigations. The results showed that diatomaceous earth can be a very effective source for obtaining non-oxide powders.
INTRODUCTION
The carbothermal-nitridation reaction (reduction with carbon and simultaneous nitriding of oxygenated materials) is the most promising candidate for obtaining a large variety of non-oxide products with important technical uses. 1 This reaction offers the possibility of an economically attractive production route from naturally occurring materials. The formation of non-oxide powders from minerals such as different types of clays, 2-7 sepiolite 8, 9 and from aluminosilicates and bauxite [10] [11] [12] has been studied. Among the raw materials that may be used for the production of non-oxides, diatomaceous earth has some advantages, such as high specific surface area, high silica content and low price.
Diatomaceous earth in a natural occurring mineral compound from microscopic skeletal remains of unicellular algae-like plants called diatoms. As living plants, diatoms weave microscopic shells from silica, however as they die, deposits are formed and fossilized. Diatom particles have a pitted surface, the area of which is several times greater than any other natural compound having the same particle size. The surfaces of diatom fructules possess fine pores with dimensions ranging from the micro to the nanometer scale. Such a high surface area and siliceous compoosition can be used as a Si precursor for the synthesis of different types of non-oxide powders by carbothermal reduction-nitridation (CRN) by mixing with a reducing agent.
EXPERIMENTAL
The raw material used was a diatomaceous earth from Serbia. Carbon black with a specific surface area BET = 46 m 2 g -1 and 99 %, purity was used as the reducing agent. The diatomaceous earth was first treated with a 1 mol/dm 3 HCl solution in order to remove iron oxide from the material. The chemical comopositions of the as-received and chemically treated samples were determined by wet chemical methods ( Table I ). Mixtures of different C/SiO 2 ratios were homogenized by vibro milling in the presence of distilled water. The green bodies were heated at temperatures between 1200 and 1500 o C in an alumina reactor under a controlled nitrogen flow. The employed nitrogen gas contained less than 5 ppm According to its shape and morphology the as-received raw material belonged to the Aulacoseira type of diatoms (Fig. 1) . The diatom particles possessed a pitted surface with fine pores of dimensions ranging from the micro to the nanometer scale. Its XRD pattern showed that the main mineralogical component was crysaballite (SiO 2 ), accompained by an amorphous phase. The chemical composition showed that the diatomaceous earth was mainly composed of SiO 2 with significant quantities of Al 2 O 3 . Other impurities, such as Na 2 O, K 2 O and Fe 2 O 3 , were also present. However, it is known that Na 2 O and K 2 O are largely lost during the carbothermal reduction stage. On the other hand, it would be expected that Fe 2 O would be reduced to Fe or iron silicides (FeSi), but small quantities of iron has been shown to help initialize the nitridation. 13 Thus, the phase relation during the carbonitridation reaction of diatomaceous earth (a mixture of silica and alumina) may be derived from the quaternary system Si-Al-O-N (Fig. 2) . Thus, the overall reaction may be represented by the equation: 14 [ (Fig. 2) . 
Reaction (2) explains the appearance of mullite, which increased at 1300 and 1400 o C and then disappeared at 1500 o C. Since mullite originates from the recrystalization of diatomaceous, it is highly reactive in the formation of nitrogenous phases. The formation of Si 2 N 2 O is based on the reaction:
which involves a vapor phase consisting of SiO and N 2 and yields powderous Si 2 N 2 O. The appearance of a Si 2 N 2 O phase indicates that prior to reaction (3), the carbothermal-reduction of SiO 2 occurred according the reactions (4) and (5):
The XRD pattern shows a remarkable broadening of the diffraction lines in the regions around 33-34 and 35-37 o 2q, which can be associated with the b-Si 3 N 4 phase. This indicates that nucleation and crystallization of b-Si 3 N 4 occurred at 1300 o C (Fig. 3) . However, with increasing C/SiO 2 ratio, b-Si 3 N 4 tends to disappear with increasing temperature (Fig. 4) . The morphology of the powder obtained at the low temperature showed that these products retain the characteristic of some fragments of the original diatomite (Fig. 5a) . However, at higher temperatures, the micrographs of the powder were completely different (Fig. 5b) ; these particles exhibited polygonal habitus, which is characteristic of hexagonal sialon and silicon nitride crystals.
CONCLUSIONS
The carbonitriding of diatomaceous earth leads to the formation of phases of the Si-Al-O-N system. The reaction products depend on the reaction temperature and the carbon/ silicon ratio, and many intermediate compounds appeared in small quantities. At low temperature, the reaction products are a mixture of different oxides and Si 2 N 2 O, with a morphology that retained some features of the starting diatomite. Powders obtained at higher temperatures were a mixture of sialon and silicon nitride, with a well-defined crystal geometry. Increasing the carbon/silicon ratio, resulted in an increased amount of sialon increase relative to silicon nitride. 
